Aims. The black hole binary SWIFT J1753.5-0127 is providing a unique data set to study accretion flows. Various investigations of this system and of other black holes have not, however, led to an agreement on the accretion flow geometry or on the seed photon source for Comptonization during different stages of X-ray outbursts. We place constraints on these accretion flow properties by studying long-term spectral variations of this source. Methods. We performed phenomenological and self-consistent broad band spectral modeling of SWIFT J1753.5-0127 using quasisimultaneous archived data from INTEGRAL/ISGRI, Swift/UVOT/XRT/BAT, RXTE/PCA/HEXTE, and Maxi/GSC instruments. Results. We identify a critical flux limit, F ∼ 1.5×10 −8 erg cm −2 s −1 , and show that the spectral properties of SWIFT J1753.5-0127 are markedly different above and below this value. Above the limit, during the outburst peak, the hot medium seems to intercept roughly 50 percent of the disk emission. Below it, in the outburst tail, the contribution of the disk photons reduces significantly and the entire spectrum from the optical to X-rays can be produced by a synchrotron-self-Compton mechanism. The long-term variations in the hard X-ray spectra are caused by erratic changes of the electron temperatures in the hot medium. Thermal Comptonization models indicate unreasonably low hot medium optical depths during the short incursions into the soft state after 2010, suggesting that non-thermal electrons produce the Comptonized tail in this state. The soft X-ray excess, likely produced by the accretion disk, shows peculiarly stable temperatures for over an order of magnitude changes in flux. Conclusions. The long-term spectral trends of SWIFT J1753.5-0127 are likely set by variations of the truncation radius and a formation of a hot, quasi-spherical inner flow in the vicinity of the black hole. In the late outburst stages, at fluxes below the critical limit, the source of seed photons for Comptonization is not the thermal disk, but more likely they are produced by non-thermal synchrotron emission within the hot flow near the black hole. The stability of the soft excess temperature is, however, not consistent with this picture and further investigations are needed to understand its behavior.
Introduction
Low-mass X-ray binaries (LMXBs) that consist of a black hole (BH) primary and a faint companion star are ideal laboratories to study accretion flows. When BH-LMXBs undergo X-ray outbursts the emitted electromagnetic spectrum from radio to γ-rays is produced by accretion-ejection processes. Observationally, three main spectral components can be identified: (1) a hot, optically thin medium (a corona or a hot inner flow in the vicinity of the BH); (2) a cold, geometrically thin, optically thick accretion disk that reflects some of the hard X-ray emission; and (3) a jet producing the radio emission. There is currently no consensus on the accretion geometry or on the processes that produce the seed photons for Comptonization during X-ray outbursts.
Black hole binaries exhibit two major spectral states: the hard state and the soft state (see, e.g., Esin et al. 1997; Remillard & McClintock 2006; Done et al. 2007 , for review). These states can be further divided into intermediate states based on spectral and timing correlations (see, e.g., Belloni 2010 ).
The soft-state spectra are characterized by a thermal component peaking at ∼1 keV. This emission is attributed to the optically thick, geometrically thin accretion disk (Shakura & Sunyaev 1973) . The weak high-energy tails detected in this state (McConnell et al. 2002) are likely produced by Compton upscattering of the disk photons by mostly non-thermal electrons in an optically thin corona or, alternatively, in some discrete active regions above the disk (see, e.g., Haardt et al. 1994) . Strong reflection features -in the form of iron line(s) at ∼6.4 keV and a Compton reflection bump in the hard X-ray band -imply a geometry where the cold disk extends very close to the BH (see, e.g., Zdziarski et al. 1999; Gilfanov et al. 1999) , probably down to the innermost stable circular orbit (ISCO; see, e.g., Bardeen et al. 1972) .
The soft state is typically seen only at relatively high luminosities. However, as soon as the luminosity drops below some limit, BH-LMXBs make a state transition towards the hard state (Dunn et al. 2010) . The hard state is characterized by a cut-off power-law X-ray spectrum, peaking at ∼100 keV, which can be explained by thermal Comptonization of low-energy seed A&A proofs: manuscript no. J1753_Final photons that are generated in the vicinity of the BH. A weaker Compton reflection bump is often seen than in the soft state, indicating that the cold accretion disk recedes from the ISCO (Gilfanov 2010) .
In the hard state the accretion flow geometry is less certain than in the soft state. Two competing models are considered possible: (1) a disk corona model, where the cold disk is embedded in a hotter medium (Poutanen 1998 ) and may extend down to the ISCO if the corona is outflowing (Beloborodov 1999b) ; and (2) the hot inner flow model, where the cool disk is truncated at large radii from the ISCO (Done et al. 2007; . The source of seed photons for Comptonization is a question intimately related to the accretion geometry. In the corona geometry -where the accretion disk is always thought to extend down to the ISCO -the disk photons should be the dominant seed photon supplier for Comptonization throughout an X-ray outburst, while in the hot flow geometry the large, variable disk truncation radius (and hot flow size) could make synchrotron radiation from the hot flow itself a more important seed photon source than the disk. In addition, if the disk is truncated and the truncation radius varies in time, then one expects the reflection amplitude and the spectral hardness to evolve when the number of seed photons changes during the outburst (see, e.g., Gilfanov 2010) .
In this paper we present our study of long-term spectral variations of SWIFT J1753.5-0127. In Sect. 2, we first describe our target and then describe the methods and models we used for data analysis. In Sect. 3, we present the results from X-ray spectral analysis of the source using phenomenological models, and in Sect. 4 we focus on self-consistent spectral simulations within the optical to X-ray band. We discuss the implications of our findings in Sect. 5, in particular how the broad band energy spectrum can be produced during the late outburst stages by a synchrotron self-Compton (SSC) mechanism in the hot flow, rather than by Compton up-scattering soft seed photons from the accretion disk. We summarize the main results in Sect. 6.
Target and observations
2.1. Swift J1753.5-0127 SWIFT J1753.5-0127 was discovered with the Swift Burst Alert Telescope (BAT) on May 30, 2005 (Palmer et al. 2005) . SWIFT J1753.5-0127 is located at high Galactic latitude and, therefore, the hydrogen column density towards it is relatively low N H ≃ 2 × 10 21 cm −2 (Cadolle Bel et al. 2007; Froning et al. 2014) . The distance of SWIFT J1753.5-0127 is poorly constrained, but likely lies somewhere between 2.5−10 kpc (Cadolle Bel et al. 2007; Zurita et al. 2008) . Recent optical observations suggest that the binary consists of a low-mass BH and a somewhat evolved 0.2 M ⊙ companion star (Neustroev et al. 2014) . We adopt i = 40
• in the present work, since for inclinations higher than ∼60
• the measured mass function would suggest a neutron star primary (Neustroev et al. 2014) .
Although many objects show spectral state transitions during the outburst peak, a growing number of BH-LMXBs have been found only in the hard state (Brocksopp et al. 2004 ). The target of our investigation SWIFT J1753.5-0127 was originally identified as one of these systems, although we now know that in 2010 it made a "failed transition" towards the soft state (or the hard-intermediate state; Soleri et al. 2013) , and since 2011 short incursions into the soft state have been seen (Yoshikawa et al. 2015; Shaw et al. 2016) .
Unlike a typical LMXB, SWIFT J1753.5-0127 has not returned to quiescence after 10 yr in outburst. This unique feature has motivated several X-ray spectral and timing investigations (e.g., Zhang et al. 2007; Ramadevi & Seetha 2007; Durant et al. 2008; Wilkinson & Uttley 2009; Reis et al. 2009 Reis et al. , 2010 Kalamkar et al. 2013) . Particularly relevant previous works with respect to our study are the ones focused on spectral analysis of SWIFT J1753.5-0127: e.g., Chiang et al. (2010) explored the spectral behavior of the 2005 outburst peak, the failed transition of 2010 was studied in Soleri et al. (2013) , and the 2012 transition to soft state was described in Yoshikawa et al. (2015) . Our approach was to conduct a comprehensive spectral analysis of the entire data set available to the end of the RXTE mission, complemented by self-consistent spectral modeling. For the first time, we focused on the evolution of electron temperatures and the differences in other physical parameters obtained by fitting different spectral models to various stages of the ongoing outburst.
Data analysis
We analyzed archival X-ray spectral data of SWIFT J1753.5-0127 from the onset of the X-ray outburst until the end of RXTE mission on January 5, 2012 (see Table 1 ). We used data from seven instruments: INTEGRAL/IBIS/ISGRI, Swift/UVOT, Swift/XRT, Swift/BAT, RXTE/PCA, RXTE/HEXTE, and Maxi/GSC. In the paper we discuss four distinct stages of the outburst that are listed in Table 1 : the outburst peak (denoted by letter P), the outburst tail having INTEGRAL coverage (denoted by IG), the failed 2010 transition (denoted by FT), and the 2012 soft state (denoted by SS).
In the hard X-ray domain we used data collected with the IBIS telescope (Ubertini et al. 2003) on board the INTEGRAL observatory (Winkler et al. 2003) . Spectra and light curves were constructed using the data only from the ISGRI detector layer sensitive to photons with energies from 15 keV to 1 MeV . The data were processed with the IN-TEGRAL Offline Science Analysis (OSA) version 10.0, provided by the ISDC 1 . We also used Swift/BAT data to illustrate the long-term light curve in the 15-50 keV band, which is shown in Fig. 1 . To obtain the light curve, we used Swift/BAT transient monitor results provided by the Swift/BAT team (see Krimm et al. 2013 ) and the count rate to flux conversion was done as in Tueller et al. (2010) .
We analyzed RXTE/PCA Standard 2 data using heasoft version 6.14. The spectral data were extracted from the top layer of PCU 2 in the 3−25 keV energy range. Standard methods were used to create spectral responses, to estimate the background spectra, and to remove dead-time effects, and the recommended 0.5 percent systematic errors were added (Jahoda et al. 2006) . For the RXTE/HEXTE we analyzed the standard spectral products from cluster A in the 25−200 keV range. We only used HEXTE data that covered the outburst peak in June 2005 because after spring 2006 the cluster stopped rocking.
We obtained the Swift/XRT data using the XRT generator tool (Evans et al. 2009 ). The XRT spectral data were binned to have at least 20 counts per bin with the grppha tool and 3 percent systematic errors were added to the spectral data 2 . 
Notes.
The first column is the ID used in this work, and during the outburst peak we follow the same data selection as in Chiang et al. (2010) , We used the data in the 0.6−10 keV range, except in a few short XRT observations that had usable data only up to ∼7 keV. In addition, some XRT spectra showed saw-tooth-like residuals around the silicon edge at ∼2 keV, indicative of calibration problems. In these cases we ignored the energy region around 2 keV. We also obtained a Maxi/GSC (Matsuoka et al. 2009 ) light curve in the 2−4 keV range to highlight the spectral softening episode around the soft state of 2012 (see also Yoshikawa et al. 2015) . The conversion to Crab rate was done by extracting the mean Crab photon flux in the 2-4 keV range around the same epoch as the SWIFT J1753.5-0127 observations. We also used Swift/UVOT data. These observations were processed and analyzed using the Swift release 3.7 software within the heasoft suite, together with the most recent version of the Calibration Database. The data were reduced following the procedure described in Poole et al. (2008) . The UVOT fluxes were calculated using a standard 5 ′′ extraction region; the background was estimated from four nearby circular source-free regions.
Our aim was to measure the broad band 0.6−200 keV spectra with Swift/XRT, RXTE/PCA/HEXTE, and INTE-GRAL/IBIS/ISGRI. During the initial outburst peak of 2005, we reanalyzed the same Swift/XRT and RXTE/PCA/HEXTE data sets as Chiang et al. (2010) to facilitate comparisons between our results (we call these groups P00 to P31; see Table 1). In the latter part of outburst we defined 13 INTEGRAL groups (IG01 to IG13, see Table 1 and Fig. 1 ) because IN-TEGRAL can only observe SWIFT J1753.5-0127 during two visibility windows in the spring and autumn. Within each IN-TEGRAL group (typical exposure times are a few hundred ks) we analyzed all simultaneous RXTE/PCA data, except for IG04, where only one quasi-simultaneous RXTE/PCA observation was available. If significant variability was detected in the RXTE/PCA or the INTEGRAL/IBIS/ISGRI data, we divided the groups into subgroups. We then analyzed each simultaneous (or quasi-simultaneous) Swift/XRT spectrum close to these groups, and we included these data in our analysis only if the spectral index was similar to RXTE/PCA spectra in the common 3−10 keV range. We also analyzed the Swift/XRT data that were taken during the failed transition of 2010 (FT08 to FT18) and during the 2012 soft state transition (SS20 to SS32). The data sets that were used in the analysis are listed in Table 1 , together with the best fitting parameters (Tables 2, A.1, and A.2) that were obtained with xspec version 12.8.1. We quote 68 percent confidence intervals as parameter errors throughout the paper.
Spectral models
We used a combination of several simple phenomenological spectral models to study the outburst behavior. For the INTE-GRAL groups, we modeled the data with a powerlaw (flux is
, where E fold is the e-folding energy) or the nthcomp model (Zdziarski et al. 1996; Zycki et al. 1999 ). The nthcomp model is described by several parameters: Γ, the electron temperature T e , and the seed photon temperature T seed , which we assumed to be disk-blackbody-like (diskbb; Mitsuda et al. 1984) and is characterized by the inner disk temperature T dbb . The cutoffpl and nthcomp models were used only when the simpler powerlaw model could be rejected with 95 percent confidence. To test when the spectral cutoff was statistically significant we used the ftest routine in xspec (see Table 2 ).
When analyzing the joint, RXTE/PCA/HEXTE, Swift/XRT, and INTEGRAL/ISGRI spectra we also used the compps model 
Notes. The first column is the INTEGRAL group ID, P null is the null hypothesis probability (that we can reject the model), and P Ftest shows the probability of change improvement from the F-test (powerlaw vs. cutoffpl). Flux F γ is computed in the 20−500 keV band and the units are in 10 −9 erg cm −2 s −1 ; the folding energy E fold and the electron temperature kT e are given in keV.
assuming spherical geometry (Poutanen & Svensson 1996) . The relevant parameters are T seed , T e , and the Compton parameter y ≡ 4kT e max[τ, τ 2 ]/511 [ keV] (here τ is the optical depth of the hot medium). In addition, we used the reflect convolution model (Magdziarz & Zdziarski 1995) for Compton reflection off the accretion disk; the parameters are the reflection scaling factor Ω/2π (Ω/2π = 1 for an isotropic source above the accretion disk) and inclination i. Both the diskbb and compps model normalizations, N dbb and N c , have the same form (R in [km]/D 10 kpc ) 2 cos i, where D 10 kpc is the distance in units of 10 kpc. We also use a constant parameter to address cross calibration uncertainties between the instruments and to take into account the fact that the data were obtained quasisimultaneously. We fix this parameter to unity for RXTE/PCA, and let Swift/XRT and INTEGRAL/ISGRI constants vary. The wabs model is used for interstellar absorption with a fixed hydrogen column density N H = 2 × 10 21 cm −2 (Cadolle Bel et al. 2007; Chiang et al. 2010; Froning et al. 2014) . Solar abundances are assumed for absorption and for reflection from the disk.
Spectral variability of SWIFT J1753.5-0127
during the outburst
Long-term outburst evolution seen by INTEGRAL/ISGRI
The hard X-ray light curve of the outburst is characterized by the pronounced ∼400 mCrab peak in 2005, followed by the flux decay to ∼50 mCrab, and significant spectral hardening by the end of that year (IG02). From 2006 to spring 2008 (IG03−IG06 1 ), SWIFT J1753.5-0127 started a gradual monotonic brightening with a constant spectral hardness and shape (see Fig. 1 and Table 2). From spring 2008 to early spring 2009 (IG06 2 -IG08 1 ) a marked increase in the hard X-ray flux is seen, which is accompanied by clear spectral changes. The best fitting parameters indicate that the spectra start to soften and, at the same time, the high-energy cutoff was no longer detectable. After the secondary outburst peak in spring 2009, the hard X-ray flux decline is more complex with several secondary minima and maxima. These shorter term fluctuations are superimposed to the ∼420 day super-orbital periodicity, which starts to become more pronounced in the Swift/BAT data (Shaw et al. 2013 ). In consequence, only strictly simultaneous Swift/XRT data could be used thereafter (from IG08 onward).
From IG09 onward spectral softening becomes more pronounced in the INTEGRAL/IBIS/ISGRI and the Swift/XRT hardness ratios shown in the bottom panel of Fig. 1 . Furthermore, the hard X-ray spectra start displaying the cutoff again (IG09), culminating in a nearly flat, Γ ≃ 2 spectrum in spring 2010 (IG10). The softening in hard X-rays during IG10 preceded the failed spectral-and timing transition of summer 2010 (Soleri et al. 2013) , during which the Swift/XRT spectra were softer than in the outburst peak. After the failed transition was over, the spectrum hardened significantly and the cutoff disappeared again (IG11-IG13).
The spectra after 2010 (IG11-IG13) are similar to those observed in ; hardness is comparable and the spectra show no signs of the high-energy cutoff. However, the most marked difference is the appearance of hard X-ray dips in the Swift/BAT light curve. The first was captured by INTE-GRAL/IBIS/ISGRI (IG12; see Fig. 1 ), which detected a gradual spectral hardening back to the "pre-dip" level. Our analysis confirms the conclusions by Soleri et al. (2013) who studied the failed transition of 2010 and by Yoshikawa et al. (2015) who analyzed the 2012 dip: the hard X-ray dips are always related to softening of the energy spectrum and they are caused by spectral transitions to (or towards) the soft state. −8 erg cm −2 s −1 and the spectra is softer than Γ 1.8. When the flux drops below this limit (F x 10 −8 erg cm −2 s −1 ) and the spectrum hardens to Γ 1.7, the data are instead consistent with the δ = 1/10 track (solid lines). Thick lines correspond to the assumption i = 40
• and thin lines correspond to i = 80
• . This behavior suggests that during the initial outburst peak the seed photons for Comptonization come predominantly from the accretion disk, whereas below the critical limit -when the accretion disk has receded further from the BH -the seed photon come predominantly from synchrotron emission from the inner hot flow. The bottom panel shows that the reflection amplitude Ω/2π decreases during the flux decay, indicating that the reflector (i.e., the cold accretion disk) truncates farther from the BH as the outburst progresses. Fig. 2) . The overall trends of L dbb /L c ratio (top panel) and the reflection amplitude Ω/2π (middle panel) show qualitatively similar behavior to the nthcomp fits. We also see how the electron temperature kT e (bottom panel) increases when the flux drops below the critical limit of F x 10 −8 erg cm −2 s −1 . The kT e increase may be caused by the change of geometry and seed photon source: disk truncation leads to fewer disk photons entering the Comptonized region, resulting in less efficient cooling of the electrons and thus higher equilibrium temperatures.
Comparison between the peak and the tail
To understand the spectral behavior during the entire X-ray outburst, we decided to reanalyze the spectral variations during the outburst peak. In our analysis, we used two simple phenomenological models: (1) constant × wabs × (diskbb + relf * nthcomp) (we find very similar best fitting parameters to Chiang et al. 2010 , apart from small differences towards the end of the initial outburst peak; see Table A .1); and (2) constant × wabs × (diskbb + relf * compps), see the diskbb component was not significant, T seed was also unconstrained, and in those cases it was fixed to T seed = 5 eV. The most noticeable evolution in the outburst peak is the hardening of spectra as the flux decays, which is shown by colorcoding the parameter evolution in Figs. 2 and 3 for the nthcomp and compps fits, respectively. Like Chiang et al. (2010) , we also observe the simultaneous decrease of the reflection amplitude from Ω/2π ≃ 0.25 to ≃ 0.15 during the decay, which can be interpreted as a signature of the cold disk receding from the BH (Zdziarski et al. 1999; Gilfanov et al. 1999; Revnivtsev et al. 2001; Gilfanov 2010) . The relatively high reflection amplitude is accompanied by a pronounced soft excess that also suggests the presence of a cool, optically thick accretion disk close to the BH during the outburst peak. However, as noted by Chiang et al. (2010) , the evolution of the diskbb model parameters is peculiar. The inferred inner disk radius R in derived from the diskbb model normalization R in decreases towards the end of the initial 2005 outburst peak, indicating that the truncation radius decreases as the outburst progresses. This behavior is in broad disagreement with the predictions of the truncated disk scenario, which seems to produce the dependencies with the spectral slope, reflection amplitude, and variations in the quasi-periodic signals in the out- Fig. 2 ). The dashed line shows a linear, one-to-one trend that may be a sign that about half of the disk photons enter the hot flow (or the corona above the accretion disk). The trend seems to disappear when the flux drops below the critical limit.
burst peak (Chiang et al. 2010) . Our tests and the compps analysis shows that the observed behavior is largely model independent (compare upper and lower panels of Fig. 4 ): while the disk flux decays by more than an order of magnitude we see a decrease in the apparent inner disk radius, but we do not see any change in the inner disk temperature of T dbb ≃ 0.25 keV in the six measurements taken during this decay phase.
In our compps analysis we detected a new feature. We find a striking similarity between the diskbb-and compps model normalizations. In the outburst peak -when the flux is above the critical limit -they attain exactly the same values (see Fig. 5 ). Only when the flux drops below the critical limit the one-to-one relation is broken. Because the diskbb and compps model normalizations have the same form
2 cos i and because the compps seed photon temperature was tied to the diskbb inner disk temperature, i.e., T seed = T dbb , the seed photon flux for Comptonization is identical to the diskbb model soft excess flux. The simplest interpretation of this finding is that the Comptonized region intercepts only about 50 percent of the disk photons during the outburst peak.
For a Comptonized spectrum the ratio between the seed photon and Comptonized power η sc can be connected to the photon index Γ (see Beloborodov 1999a) as Γ = 7 3 η δ sc , where δ ≈ 1/6 for typical temperatures of disk seed photons in Galactic X-ray binaries T seed ∼ 0.2 keV and δ ≈ 1/10 for T seed ∼ 5 eV. In our notations, the formula reads as
where factor µ ≡ cos i comes from the relation between the observed and seed disk photon fluxes. When comparing these theoretical predictions with the observations in the middle panel of Fig. 2 , we find that initially SWIFT J1753.5-0127 follows the δ ≈ 1/6, T seed ∼ 0.2 keV track (dashed line), but as soon as the flux drops below a critical limit of F ∼ 1.5 × 10 −8 erg cm The results from the compps model fits also indicate that there are two causes for the hardening during the outburst. In the bottom panel of Fig. 3 we show the relation between the Compton y-parameter and the electron temperature T e . We see that during the initial, bright outburst phase, the spectral hardening happens at a constant T e ≃ 70 keV and y ≃ 0.93-1.06. Because the Compton parameter is related to the optical depth through y = 4T e max[τ, τ 2 ]/511 [ keV], this hardening arises because the optical depth of the plasma increases from τ ≃ 1.3 to τ ≃ 1.4. However, right when the F dbb /F c ratio drops to the δ = 1/10 track, we observe a twofold increase in electron temperature to T e ∼ 140 keV, whereas the smaller increase of y ≃ 1.35 shows that optical depth actually drops to τ ∼ 1.1 in this transition.
The INTEGRAL data after 2006 brought valuable new information. For example, the data from IG01 to IG06 helped us to confirm that electron temperature is really as high as T e ∼ 140 keV. Furthermore, the IG07 group in particular is worth highlighting as it stands out in Figs. 2 and 3. In the nthcomp fits, the IG07 F dbb /F c ratio is clearly in the δ = 1/10 track, suggesting that from late 2005 up to at least late 2008 the disk was in a similar state.
Transitions to the soft state
SWIFT J1753.5-0127 has shown clear spectral state transitions since the 2010; the failed transition in summer 2010 that was reported in Soleri et al. (2013) and recently Yoshikawa et al. (2015) also published their analysis of the transitions seen from 2011 onward using Maxi and Swift/XRT data. Our analysis broadly confirms these published findings about the nature of these transitions, but our comparison of these transitions to the whole outburst allows us to draw some additional conclusions.
We find that there is a clear difference in the strength of the disk component between the spectra during these short incursions towards the soft state and the rest of the outburst. For the first time the disk is the most dominant spectral component (see Fig. 6 ). However, the results are strongly model dependent, and the lack of simultaneous hard X-ray data make the comparisons challenging. In the nthcomp fits, we see that the spectra in some observations are not improved by having the additional disk component (such as FT11 or SS24). Furthermore, the best fitting parameters for Γ are highly atypical for a BH; photon indices as high as Γ ∼ 4 have never been observed in BHBs with instruments that are sensitive to photon energies above ∼10 keV.
The compps model results were more consistent among themselves, especially after fixing the electron temperature to a typical T e = 100 keV value. However, the y-parameter indicates that the optical depth is τ ∼ 0.2, which is again an atypical value for a thermal Comptonization spectrum of a BH-LMXB. In order to have τ ∼ 1 the electron temperature should be as low as T e ∼ 20 keV, which is inconsistent with the detection of emission up to ∼200 keV in the 2011 state transition (IG12 1 ). This suggests that the hard X-ray tail in the soft state spectra is more likely produced by Comptonization by a non-thermal or hybrid electron distribution (McConnell et al. 2002; Malzac & Belmont 2009 ), but in the absence of simultaneous Swift/XRT and INTEGRAL/ISGRI data this speculation cannot be confirmed.
In the compps fits two thermal disk-like components and a high energy tail are clearly needed, which is why we did not fix the inner disk temperature to the seed photon temperature for Comptonization. The best fitting parameters indicate that the spectra in the 2010 failed transition and the 2012 soft state are somewhat different from each other (see Fig. 7 , and Tables A.1 the hard state (see, e.g., Done et al. 2007 for discussion). Our results indicate that in SWIFT J1753.5-0127 the soft excess has a rather stable size scale, seen both towards the end of the 2005 hard state outburst peak and during the soft state incursions. To get an order of magnitude estimate of the "corrected" inner disk radius, a color correction f c and inner disk boundary correction ξ must be applied to the value obtained from the diskbb model normalization. The canonical values are f c = 1.7 and ξ = 0.412 and the corrected radius is obtained through R in,c = R in ξ f 2 c (see, e.g., Kubota et al. 1998 ). If we take the mean value of the diskbb model normalization in the 2012 soft state, N dbb ≃ 19 000, and reasonable values i = 40, d 10kpc = 0.25, we get a corrected inner disk radius estimate of R in,c ∼ 47 km (about 5.3R S for a 3 M ⊙ BH). Although the inner disk may be equally likely be at R in,c ∼ 200 km (if the distance is instead 8 kpc), we cannot exclude the possibility that the inner disk reaches the ISCO.
Self-consistent physical modeling
The phenomenological modeling with the disk Comptonization is in good agreement with the data at the beginning of the outburst. However, in order to explain the high Comptonizationto-disk ratio observed after P20 (August 5, 2005), according to Eq. (1) a binary inclination of i > ∼ 80
• is required (see the thin dashed line in Fig. 2 , and discussion in Sect. 5), which is in conflict with the absence of X-ray dips/eclipses and dynamical mass constraints (Neustroev et al. 2014) . Alternatively, the Comptonization continuum can be produced by up-scattering of synchrotron photons that are produced internally in the hot medium. In this case the spectra resemble power laws down to the energies of the synchrotron seed photons, typically in the optical domain. The Swift/UVOT data from the outburst tail were indeed shown to be lying on the continuation of the X-ray power law by Chiang et al. (2010) .
For reasonable magnetic fields of the hot flow (in or below the equipartition with the ion energy density) and for the electron temperatures and Thomson optical depths found by our phenomenological analysis, most of the synchrotron photons produced by the thermal electron population are internally self-absorbed (see Wardziński & Zdziarski 2000) . However, the continuous heating and acceleration processes in the hot flow leads to the development of weak non-thermal tails complementing the mostly thermal electron distribution. These relativistic, non-thermal electrons are major producers of synchrotron seed photons for Comptonization, and they also emit above 100 keV photon energies via inverse Compton scattering (see, e.g., Wardziński & Zdziarski 2001) : such non-thermal γ-ray tails are seen in the spectra of Cyg X-1 (McConnell et al. 2002) and GX 339-4 (Droulans et al. 2010) .
Self-consistent modeling of non-thermal relativistic plasmas is a challenging task because the shape of the entire electron distribution depends on the heating and cooling processes rather than the Maxwellian temperature determined by a heating/cooling balance. Therefore, the problem must be treated numerically Malzac & Belmont 2009; Veledina et al. 2013) . A comparison of modeled spectra obtained from self-consistent electron distributions against the observed spectra has been performed for the BH binaries Cyg X-1 and GX 339-4 in the X-ray/γ-ray regime Malzac & Belmont 2009; Droulans et al. 2010; Del Santo et al. 2013 ). However, simultaneous comparison with the optical/UV data has not been presented to date. In this section we perform such self-consistent spectral modeling for the characteristic spectra of SWIFT J1753.5-0127 from optical to X-rays. We aim to investigate whether the aforementioned difficulties of the disk Comptonization scenario arise because in the outburst tail the spectra are in reality produced with the synchrotron selfCompton mechanism.
Model setup
We approximate the emitting hot medium with a homogeneous and isotropic sphere of radius R, which is filled with electron gas of Thomson optical depth τ. The radiation field is characterized by the emitted luminosity L and the medium carries a magnetic field B, which we assume to be tangled.
The energy is given to the electrons in the form of a powerlaw distributed electron injection n e (γ) ∝ γ −Γ inj , where n e is the electron number density per unit Lorentz factor γ. They subsequently cool and thermalize by multiple radiative (synchrotron, Compton, bremsstrahlung) and pair processes and interact via Coulomb collisions. To calculate the radiation spectrum, we solve coupled electron and photon kinetic equations using the code described in , that was later on extended to include bremsstrahlung processes by Veledina et al. (2011b) . Equations are solved until self-consistent steady-state solutions for electron and photon distributions are achieved. We note that typical cooling timescales are much shorter than the viscous timescale (for relevant scalings, see Veledina et al. 2013) .
We also account for an additional source of seed photons in the calculations. The blackbody photons of temperature T dbb and luminosity L d (found from phenomenological fitting) are injected homogeneously into the medium. After a steady-state solution is found, the remaining (not scattered) photons are then removed and an accretion disk spectrum with temperature dependence T (R) ∝ T dbb R −3/4 is added to the total spectrum instead of the blackbody spectrum. We also compute the irradiated accretion disk contribution, which has temperature distribution T irr (R) = T irr,out (R/R out ) −3/7 (Cunningham 1976; Frank et al. 2002) . The outer disk temperature is calculated as Notes. We adopt M BH = 3 M ⊙ , thus parameters are R S = 8.85 × 10 5 cm and L Edd = 6 × 10 38 erg s −1 (Eddington limit for pure helium). We assumed that T dbb is equal to the temperature of the injected blackbody photons everywhere except for group IG2 where no seed disk photons were considered. L hot is the luminosity of the hot flow; it consists of synchrotron, bremsstrahlung, and Comptonized emission.
where σ SB is the Stephan-Boltzmann constant; L 1keV is the (νL ν ) luminosity at 1 keV (which is mostly absorbed and reprocessed in the accretion disk, see ; and α is a factor accounting for the albedo, geometrical effects, and the bolometric correction (see, e.g., Suleimanov et al. 1999 ).
Results
The results of our simulations are shown in Fig. 8 . The observed fluxes are converted to luminosities assuming a distance of D = 3 kpc. The de-reddened Swift/UVOT fluxes are determined with the Fitzpatrick (1999) extinction curve (extinction parameter R V = 3.1) for two representative cases of reddening:
we use E(B−V) = 0.45 (Froning et al. 2014; Rahoui et al. 2015) for our modeling, but also show the fluxes for E(B − V) = 0.34 (Cadolle Bel et al. 2007 ) to highlight how sensitive the overall spectral energy distribution is to this measurement. Given the large systematic uncertainties in the reddening determination, we apply 10 percent flux errors to the UV data. The spectra obtained from the simulations (dashed lines) complemented by contribution of the irradiated accretion disk (dot-dashed lines) are compared to the quasi-simultaneous UV data (yellow points) and the absorption corrected X-ray data obtained from the best fitting phenomenological X-ray model diskbb + compps. The irradiated disk flux drops towards the outburst tail. We assume that these changes are entirely caused by the drop in the irradiated X-ray flux (νL ν at 1 keV). The other irradiated disk parameters are fixed to α = 9 × 10 −2 and R out = 1.4 × 10 10 cm for all four groups. The index of the injected power-law electrons, Γ inj = 3.0, was also assumed to be constant for every spectrum. The other parameters are listed in Table 3 .
The P03 observation displayed the softest spectrum of the ones we considered. As can be seen from Fig. 8a , the spectrum can be reproduced well in the disk Comptonization scenario. The physical parameters that we obtained in the self-consistent calculations are, however, somewhat different from those found in the phenomenological data fitting. The origin of these differences is likely related to the geometry and to the approximations made (such as escape probability formalism used in numerical modeling). The electron temperature is the lowest of the cases considered, likely because the higher external soft photon luminosity from the disk cools the electrons more efficiently in the Compton up-scattering processes. We find that the X-ray spectrum is concave, unlike in the phenomenological models. There are two reasons: some curvature is induced by the bremsstrahlung radiation, but a significant contribution also comes from the SSC emission. Compared to the disk Comptonization emission, the SSC emission is much harder and its contribution can be estimated by extrapolating the low-energy part of spectrum to higher energies (dashed line at energies ∼0.01-0.1 keV). The role of bremsstrahlung emission in total spectrum is less clear, however, as its strength depends on the absolute size of the medium. It is therefore essential to know whether the emitting medium is one homogeneous blob (as assumed) or whether it is composed of multiple blobs of smaller size, in which case the bremsstrahlung contribution would be smaller.
The disk spectrum is less prominent during the decline phase of the outburst (P18, Fig. 8b ). Simultaneously we see an increased spectral hardness and a slightly higher electron temperature. These changes are consistent with the picture where a decreasing amount of soft disk photons results in a reduced electron cooling, and thus higher equilibrium electron temperature. This observation likely marks the onset where the falling mass accretion rate causes the cold accretion disk to start receding from the BH and simultaneously reducing the electron number density in the hot flow. The required parameter changes in our simulations with respect to the P03 observation is in agreement with this scenario: while the size R must be increased, the optical depth and the disk seed photon luminosity drops. Interestingly, the resulting bolometric luminosity of the hot medium is practically the same as in P03, only the disk luminosity changes. Therefore, the drop in the accretion rate had to be compensated by increasing the hot flow size.
The spectrum during epoch IG02 (Fig. 8c) is the hardest out of the four cases considered. The accretion disk contribution is only marginally significant and, indeed, the disk seed photons are no longer required to reproduce the X-ray spectrum. This may be interpreted as further truncation of cold accretion disk and development of a larger hot flow inside it. The parameters in our simulations confirm this evolution: the hot flow size had to be increased even further and the optical depth had to be decreased along with the luminosity of the hot flow and the average magnetic field. As noted by Chiang et al. (2010) , the Swift/UVOT data lies on the continuation of the X-ray power law exactly as expected in the pure SSC scenario, but only if reddening is E(B − V) = 0.34. However, for the higher reddening E(B − V) = 0.45 found by Froning et al. (2014) , a much more substantial irradiated disk contribution is required in the optical/UV range.
In the spectrum of epoch IG07 (Fig. 8d) , taken three years after IG02, we find that the disk had become hotter and the temperature was close to that observed at the outburst peak. At the same time, the spectral hardness and the reflection amplitude was similar to P18, while X-ray luminosity was significantly lower and the electron temperature was significantly higher. Our simulations show that the magnetic field must be smaller than P18 and P03, as the irradiated disk contribution alone is no longer sufficient to reproduce a correct slope. The magnetic field might indeed decrease in response to the decreased mass accretion rate (Narayan et al. 2003; Yuan & Narayan 2014) . We also note that the hot flow size remains roughly constant while the disk becomes hotter. One possibility is that the cold disk at this stage might penetrate deeper into the hot medium.
Discussion

Source of seed photons
Our results in Figs. 2 and 3 show that the parameter evolution can be separated into two groups. During the outburst peak, the spectrum is soft (Γ ≃ 1.85), the Compton reflection amplitude is substantial (Ω/2π ≃ 0.25), the electron temperature is modest T e ≃ 70 keV, and the disk-to-Comptonization flux ratio is ≃0.2. All these spectral parameters change when the flux decays below a critical limit of F ∼ 1.5 × 10 −8 erg cm −2 s −1 . The spectra after that are much harder (Γ ≃ 1.65), the Compton reflection amplitude diminishes (Ω/2π ≃ 0.15), the electron temperature doubles to T e ≃ 140 keV, and disk-to-Comptonization ratio drops to ≃0.05 or even becomes undetectable.
We conclude that the observed parameter changes can be caused by an increase in the truncation radius (and a formation of a larger hot inner flow inside it), which in turn causes the main seed photon source for Comptonization to change from external disk emission to synchrotron emission from the hot flow. The behavior of SWIFT J1753.5-0127 is therefore similar to two other BH-LMXBs GX 339-4 and GRO J1655-40 (Sobolewska et al. 2011) , and to a sample of AGNs where this phenomenon seems to occur (Veledina et al. 2011b) .
The decrease of the Compton reflection amplitude during the SWIFT J1753.5-0127 outburst is similar to many other BH systems. This is a well-known sign that the reflector, i.e., the thin disk, truncates during the outburst (Gilfanov 2010) . The increase electron temperature from T e ∼ 70 to ∼140 keV can be seen as yet another consequence of a larger disk truncation. Larger truncation results in a smaller number of seed photons entering the Comptonized region, which in turn leads to less efficient cooling of the electrons and thus higher equilibrium temperatures. We speculate that a similar process causes the T e variations seen during spectral state transitions of GX 339-4 (Motta et al. 2009 ), the clear difference is that in SWIFT J1753.5-0127 the transition happens during the hard state, and is not related to a state transition.
The scaling relations from Beloborodov (1999a) , shown in Fig. 2 , provide us with a further physical interpretation of the observed parameter dependencies within the hot flow paradigm. The scaling in Eq. (1) is essentially an upper limit; i.e., for a given ratio of disk-to-Comptonization fluxes it gives the softest possible photon index Γ, or, equivalently, it gives the photon index under the assumption that the entire seed photon luminosity is intercepted by the hot medium. As mentioned earlier, if we assume that even the hardest spectra are still produced by disk Comptonization, the inclination should be ∼80
• , which we find implausible for two reasons: (1) we do not see any dips A&A proofs: manuscript no. J1753_Final or eclipses in the light curves; and (2) such high inclination would require a NS accretor (see Neustroev et al. 2014) , which is incompatible with most of the spectral and timing characteristics of the source. On the other hand, the hardest spectra are fully consistent δ = 1/10 tracks for the assumed inclination of i = 40
• . If the seed photons are instead supplied by the synchrotron mechanism, the peak of the synchrotron spectrum should be located at the turn-over frequency ν t ∼ 5 eV. We therefore find it likely that from P20 -below the critical flux limit of F ∼ 1.5 × 10 −8 erg cm −2 s −1 -until IG07 the seed photons are produced through synchrotron-self-Comptonization in the hot flow. Only during the outburst peak above the critical flux limit does the thin accretion disk likely extend so close to the black hole that it produces the majority of the seed photons for Comptonization.
Soft excess
The variability of the disk component normalization, which is proportional to the inner disk radius, is clearly inconsistent with the inner hot flow scenario. The inner disk radius, when derived from the diskbb model normalization, suggests that the truncation radius decreases when the rest of the parameters seem to suggest the opposite. This issue was extensively discussed by Chiang et al. (2010) , who proposed two alternatives. Either the diskbb component tracks a strongly irradiated inner disk edge that is truncated at a few tens of gravitational radii from the black hole; when Chiang et al. (2010) modeled the spectrum with an irradiated disk model the inner radius increased towards the end of the outburst, or the diskbb component tracked a small residual inner disk (or a ring) located at ISCO with the hot flow located between this residual disk and the truncation radius much farther out. With either of these alternatives, or even by assuming that the disk is always at the ISCO, we find it hard to explain the observations presented here. In particular, it is not clear what causes (1) the inner disk temperature to remain constant at T dbb ≃ 0.25 keV while the disk flux changes by more than an order of magnitude; (2) the diskbb and compps model normalizations to be nearly identical in the outburst peak; and (3) the diskbb normalizations in the 2012 soft state incursion to be very similar to the late outburst peak in 2005. The first point in particular is challenging to tackle in any accretion flow geometry. The second point, the one-to-one dependence between diskbb and compps model normalizations, suggests that about one-half of the disk flux is intercepted by the Comptonized region. This may be a sign that the corona is patchy, i.e., the covering fraction of the disk by the corona is roughly 50 percent in the outburst peak. Alternatively, if the T dbb ≃ 0.25 keV disk is truncated hundreds of kilometers away from the vicinity of the black hole where most of the energy is released, this may also be a sign that the Comptonized region covers only a small fraction of the sky from the point of view of the disk (i.e., "sombrero" geometry; see Poutanen et al. 1997 ). On the other hand, in some spectra where no additional diskbb component is detected (such as the IG07 in the outburst tail), the corona could cover the entire inner disk. If this is the case, the corona or the hot flow would not receive the same disk flux that we measure at different outburst stages, and thus the relation between the spectral hardness and the seed photon flux in Eq. (1) would be affected. The third point, regarding a preferred size-scale, is puzzling given the evolution of other spectral parameters. If it is set by the disk edge being at the ISCO, then we cannot explain why the reflection amplitude, hardness, F dbb /F c ratio, and timing properties (see below) evolve in the way observed.
Simulations
The parameter evolution in the self-consistent simulations is consistent with the scenario where the truncated disk recedes as the outburst declines (P03, P18, IG02). The mass accretion rate drops and leads to an increase in the hot flow size (inside the truncation radius) and a decrease in the X-ray luminosity, electron number density, magnetic field, and the disk seed photon luminosity all support this view. The increase in disk photon temperature with an apparent increase in the X-ray luminosity in IG07 might be connected to the increase in the mass accretion rate and penetration/covering of the disk into/by the hot flow.
In particular, at the outburst peak, the extrapolation of the X-ray power law to lower energies considerably overpredicts the UV flux and at the same time the standard disk contribution appears to be insufficient. By assuming that optical and UV wavelengths are dominated by the same component, both spectral (Chiang et al. 2010 ) and timing properties (Hynes et al. 2009 ) can be explained by irradiation of the X-ray photons in outer parts of the accretion disk. In the outburst tail, however, the picture is completely different. By the time the X-ray flux dropped by more than an order of magnitude compared to the peak, the UV flux was reduced by only a factor of two. Furthermore, the UV spectrum in IG02 became significantly softer (Fig. 8, panel c) . Here, however, the conclusions rely strongly on the uncertain reddening value for SWIFT J1753.5-0127. As initially speculated by Chiang et al. (2010) , the UV spectrum can be easily extrapolated from the X-ray power law for the reddening value obtained by Cadolle Bel et al. (2007) , suggesting that both of them come from the same region. Our simulations show that the entire optical to hard X-ray spectrum in this case can be produced by a single SSC emission region, meaning that the irradiated disk would not be required to describe data. However, the higher reddening value E(B−V) = 0.45 derived by Froning et al. (2014) and Rahoui et al. (2015) suggests a much steeper UV slope than the X-rays. For this higher reddening value, the spectrum can still be adequately modeled, but the contribution from the irradiated disk flux in this case is instead comparable to the SSC-emission in the UV/optical regime during the IG02 spectrum. The uncertainty in the reddening value thus limits the robustness of the simulations. For the E(B − V) = 0.34 case a smaller albedo factor and a higher outer disk radius would also provide a similar broad band spectral shape. In order to be able to provide meaningful constraints for the parameters from our simulations, it would be necessary to know these two parameters using other means. Broader energy coverage down to infrared frequencies would be helpful to constrain the spectral slopes, although the emission from the jet and the companion star may start playing an increasingly important role there Tomsick et al. 2015) .
Clues from X-ray timing analyses
Some timing properties of SWIFT J1753.5-0127 during the outburst support the picture where the disk geometry and the seed photon source change. On the one hand, the evolution of the low-frequency quasi-periodic oscillations (QPO) imply that the truncation radius increases during the outburst (Chiang et al. 2010) , but only if these QPOs track the truncation radius (see, e.g., Homan et al. 2001) . Another piece of supporting evidence comes from the changes in the optical/X-ray cross-correlation functions (CCF) during the outburst. During the outburst peak the CCF observed by Hynes et al. (2009) shows a simple positive lag, which is consistent with the repro-cessing of the X-ray photons in the outer accretion disk. However, in the tail, right after our spectral analysis suggests that the seed photon source changes, the CCFs show a completely different structure (Hynes et al. 2009 ). The CCFs are now peculiar and feature an anti-correlation dip and two pronounced peaks, all of them first appearing at positive lags. Similar CCF shapes are seen in summer autumn 2008 (until IG07; Durant et al. 2008 Durant et al. , 2011 , but now the anti-correlation is seen at negative lags, while the correlation in still seen at positive lags (optical lags behind the X-rays). These "pre-cognition dips" and the complex CCF shapes can be understood in the SSCmodel as a combination of two effects (see Veledina et al. 2011a , Fig. 13b and Veledina et al. 2015 :
(1) the anti-correlation arises from an increased self-absorption in the optical synchrotron emission in response to a increase in mass accretion rate (i.e., X-ray flare) and (2) the same X-ray flare then irradiates the outer (truncated) disk, causing the second CCF component that is correlated at positive lags. These CCF properties tie in nicely with our spectral simulations. Initially, when almost all optical-UV emission seems to come from the irradiated outer disk, the CCFs are consistent with simple reprocessing, whereas in the outburst tail, when the SSCemission starts to become the dominant source of optical emission, the complex CCF shape can also be described with the same SSC-model.
Summary and conclusions
In this paper, we have reported on the evolution of spectral properties of the BH-LMXB SWIFT J1753.5-0127. We find several new dependencies between various spectral components that help us to place constraints on the accretion disk geometry and the origin of seed photons for Comptonization throughout the ongoing outburst.
We were able to determine that around a critical flux limit of F ∼ 1.5 × 10 −8 erg cm −2 s −1 , SWIFT J1753.5-0127 displays two distinct types of behavior. Above the critical limit, the spectrum is softer (Γ ≃ 1.85), the Compton reflection amplitude is higher (Ω/2π ≃ 0.25), the electron temperature is modest T e ≃ 70 keV, and the disk-to-Comptonization flux ratio is large. Below this limit, the spectra are much harder (Γ ≃ 1.65), the Compton reflection amplitude diminishes (Ω/2π ≃ 0.15), the electron temperature doubles to T e ≃ 140 keV, and the diskto-Comptonization ratio drops or even becomes undetectable. Furthermore, our compps analysis suggests that the hardening of the spectrum has two distinct origins: above the critical limit the spectrum hardens because the optical depth of the Comptonized region increases, whereas below the critical limit the optical depth drops substantially, but the spectrum nevertheless hardens further thanks to the significantly higher electron temperature.
We were also able to determine that (1) the hard X-ray spectrum seen by INTEGRAL/ISGRI is strongly variable during the outburst tail, i.e., the cutoff energy varies from year to year with no clear dependency on other parameters such as the emitted flux; (2) there is a one-to-one relation between the diskbb and compps model normalizations during the outburst peak, implying that the Comptonized region intercepts roughly 50 percent of the disk emission; (3) thermal Comptonization models fail to describe the spectral evolution during the short incursions to the soft state after 2010, suggesting that the Comptonization is more likely non-thermal in this state; and (4) there is a constant size scale of the soft X-ray excess during the entire outburst, which may be related to the innermost stable circular orbit around the black hole.
We find that the observed spectral changes can be understood in the truncated cold disk-inner hot flow scenario. In our view a substantial increase in the truncation radius is the main driver of the observed spectral variations. Our phenomenological X-ray spectral analysis, and the optical-to-X-ray spectral simulations indicate that the geometrically thin, optically thick accretion disk is an adequate source of seed photons only at the peak of the outburst. In the outburst tail the optical through X-ray spectral continuum can be better explained with a dominant contribution from SSC mechanism, which is favored by the harder X-ray spectral slope, the smaller amount of reflection, the QPO frequency variations, and by the complex shape of the optical/X-ray cross-correlation function.
The main unresolved issue is related to the variation of the soft excess, which is likely produced by the accretion disk; the constant temperature of T dbb ≃ 0.25 keV over an order of magnitude changes in emitted flux, and the long-term variations are not understood. Further analysis and observations in soft X-rays are warranted to understand the observed trends.
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Appendix A: Best fitting model parameters Notes. The absorption column is fixed to 0.2 × 10 22 cm −2 , and the Compton reflection amplitude is from neutral, solar abundance material inclined at 40
• and it is given by the scaling factor Ω/2π. The inner disk temperature is tied to the seed photon temperature for Comptonization in these fits. The diskbb and nthcomp model component fluxes are unabsorbed and "bolometric" (computed with the cflux convolution model) and they are given in units of 10 −8 erg cm −2 s −1 . The inner disk temperature kT dbb is given in keV. We note that F c does not contain the reflected flux. Notes. The absorption column is fixed to 0.2 × 10 22 cm −2 , and the Compton reflection amplitude is from neutral, solar abundance material inclined at 40
• and it is given by the scaling factor Ω/2π. During the failed transition of 2010 and the 2012 soft state the inner disk temperature is not tied to the seed photon temperature for Comptonization, and the electron temperature is fixed to 100 keV. The diskbb and nthcomp model component fluxes are unabsorbed and "bolometric" (computed with the cflux convolution model) and they are given in units of 10 −8 erg cm −2 s −1 . The inner disk temperature kT dbb and the seed photon temperature kT seed are given in keV. We note that F c does not contain the reflected flux.
